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ABSTRACT
Long-period brown dwarf companions detected in radial velocity surveys are important targets for direct imaging and astrometry to
calibrate the mass – luminosity relation of substellar objects. Through a 20-year radial velocity monitoring of solar-type stars that
began with ELODIE and was extended with SOPHIE spectrographs, giant exoplanets and brown dwarfs with orbital periods longer
than ten years are discovered. We report the detection of five new potential brown dwarfs with minimum masses between 32 and
83 MJup orbiting solar-type stars with periods longer than ten years. An upper mass limit of these companions is provided using
astrometric Hipparcos data, high-angular resolution imaging made with PUEO, and a deep analysis of the cross-correlation function
of the main stellar spectra to search for blend effects or faint secondary components. These objects double the number of known
brown dwarf companions with orbital periods longer than ten years and reinforce the conclusion that the occurrence of such objects
increases with orbital separation. With a projected separation larger than 100 mas, all these brown dwarf candidates are appropriate
targets for high-contrast and high angular resolution imaging.
Key words. Techniques: radial velocities – brown dwarfs – Stars: low-mass – binaries: spectroscopic – Stars: individual: HD10844,
HD14348, HD16702, HD18757, HD29461, HD72946, HD175225, HD209262
1. Introduction
Brown dwarfs (BD) are substellar objects in the mass range of
approximately 13 - 80 Jupiter masses; they have enough mass
to burn deuterium, but are too light to permit hydrogen burning
in their inner cores (Burrows et al. 1997; Chabrier & Baraffe
2000; Spiegel et al. 2011). BDs constitute intermediate objects
between giant planets and low-mass stars, but there is not a com-
plete consensus about their formation mechanisms. The separa-
tion between planet and brown dwarf population may not only
be related to the mass, but also to the formation scenario. Core-
accretion models predict the formation of objects as heavy as
25 MJup (Mordasini et al. 2009). BD companions orbiting solar-
type stars with periods of up to about ten years clearly occur
less frequently (≤1%) than planetary systems and stellar bina-
ries (e.g., Grether & Lineweaver 2006; Sahlmann et al. 2011;
? Based on observations made with ELODIE and SOPHIE spec-
trographs on the 1.93-m telescope at Observatoire de Haute-Provence
(CNRS/AMU), France.
?? Tables 5 to 9 are available in electronic form at the CDS via anony-
mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-
strasbg.fr/cgi-bin/qcat?J/A+A/
Ma & Ge 2014). Statistical properties of BD companions, such
as frequency, separation, eccentricity, and mass ratio distribu-
tion, as well as the relation of these properties to their host stars,
should permit us to distinguish between different formation and
evolution models.
Most of the brown dwarf companions have been discov-
ered in radial velocity (RV) surveys (e.g., Nidever et al. 2002;
Sahlmann et al. 2011; Díaz et al. 2012). In these programs,
which were designed to find exoplanets, brown dwarfs are eas-
ily detected by their strong RV signatures. However, radial ve-
locity measurements alone do not constrain the orbit inclination
and therefore provide only the minimum mass. When available,
complementary observational constraints, such as the astromet-
ric motion of the host star, a deep analysis of the spectra to search
for a blend or a secondary component, or a photometric transit,
are required to attempt determining the true mass or at least to
firmly exclude the stellar nature of the companion.
So far, only a few brown-dwarfs have been detected in ra-
dial velocity with orbital periods longer than ten years; this is a
somewhat biased result because there have been relatively few
long-term surveys. These objects are important targets for direct
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imaging and astrometry with the aim to calibrate the mass – lu-
minosity relation of substellar objects. Since the end of 2006,
the SOPHIE consortium conducts a large program to search for
exoplanets (Bouchy et al. 2009). One of the different subpro-
grams focuses on following-up the drifts and long-period sig-
nals detected within the ELODIE historical program initiated
on the 1.93 m telescope at the Observatoire de Haute-Provence
(OHP) by M. Mayor and D. Queloz in 1994. This program has
monitored about 400 solar-type stars (from F5 to K0 dwarfs) in
12 years and led to the detection of 24 exoplanets (e.g., Mayor
& Queloz 1995; Perrier et al. 2003; Naef et al. 2004). In the
past years, this program was focused on monitoring RV drifts
that were identified as incomplete orbits of gravitationally bound
companions. Since 2007, we have continued this program with
the SOPHIE spectrograph with the objective to characterize or-
bital parameters of exoplanets similar to Jupiter and Saturn in our
solar system and brown dwarfs with orbital periods longer than
eight to ten years. About 50 targets with a slow RV drift were
selected from the original ELODIE sample and are followed-
up with SOPHIE. This unique sample allows extending the time
base to more than 20 years to find substellar companions beyond
5 AU. As part of this subprogram, we reported the detection
of two Jupiter-analogs around HD150706 and HD222155, we
refined the parameters of the long-period planets HD154345b
and HD89307b, and we determined the first reliable orbit for
HD24040b (Boisse et al. 2012).
In this paper, we report the detection of five new brown dwarf
candidates with minimum masses of between 32 and 78 MJup
orbiting solar-type stars with period longer than ten years. We
attempt to derive an upper limit on the true mass of these com-
panions to determine their nature using astrometric Hipparcos
data, high-angular resolution imaging made with PUEO for two
of our targets, and deep analysis of the cross-correlation func-
tion (CCF) of our spectra to search for a blend effect or a faint
secondary component. Such a CCF analysis was performed on
HD16702 and allowed identifying the secondary component. We
also present in the Appendix an update of the orbital parameter
of the low-mass star HD29461b that was recently published by
Griffin (2012) as well as the long-term RV drift of HD175225,
which is induced by a low-mass stellar companion.
2. Spectroscopic observations
The targets reported in this paper and their basic stellar charac-
teristics are listed in Table 1. The parallaxes are derived from
the new Hipparcos reduction (van Leeuwen 2007). The stellar
rotation parameter v sin i is derived from the calibration of the
SOPHIE cross-correlation function by Boisse et al. (2010) with
an uncertainty of ∼ 1 km s−1. The time span of the observations
and the numbers of the ELODIE and SOPHIE measurements are
listed in Table 1.
Spectroscopic observations of our targets were first con-
ducted with the ELODIE spectrograph (Baranne et al. 1996)
mounted on the 1.93 m telescope at OHP between late 1993 and
mid-2006. The stars were then monitored by the SOPHIE spec-
trograph (Perruchot et al. 2008) from early 2007 to late 2014.
The spectrograph configuration, the observing mode, and the
data reduction were the same as those described in Boisse et al.
(2012).
One of the main SOPHIE systematic effects was caused by
the insufficient scrambling of the fiber link and the high sensitiv-
ity of the spectrograph to illumination variation. Seeing change
at the fiber input introduced radial velocity changes. This so-
called seeing effect on SOPHIE has been described by Boisse
et al. (2010, 2011), Díaz et al. (2012), and Bouchy et al. (2013).
Considering that variations in the pupil illumination produce a
differential RV effect along spectral orders, the difference be-
tween RVs measured in each half of the spectral orders can be
used to partially correct the main RV. We systematically applied
the correction of the seeing effect by computing the RV differ-
ence between the left part (or blue side) and right part (or red
side) of the spectral orders and using the average correlation
coefficient of -1.04 estimated on standard stars (Bouchy et al.
2013). We added quadratically a systematic RV error of 6 m s−1
on the SOPHIE measurements corresponding to the average RV
RMS measured on these stars. In June 2011 (BJD=2455730),
a piece of octagonal-section fiber was implemented in the SO-
PHIE fiber link and significantly improved the radial velocity
precision by eliminating the seeing effect, see Bouchy et al.
(2013). We checked on standard stars that the RV offset intro-
duced by the instrumental upgrade is smaller than the system-
atic errors of SOPHIE. Since this change and despite a clear
improvement in RV precision on times scales of a few tens of
days, some intervention within the instrument and strong varia-
tions of the outside temperature propagated to the tripod of the
spectrograph introduced zero-point offsets. The systematic drift
was corrected using a set of RV constant star and following the
approach described by Courcol et al. (2015) .
3. Data analysis
3.1. Stellar characteristics
Spectra obtained without simultaneous thorium-argon calibra-
tion and with signal-to-noise ratios in the range of 150-200 were
used to accurately derive the stellar effective temperature Te f f ,
surface gravity log g, and metallicity [Fe/H]. The spectroscopic
analysis method is described in Santos et al. (2004) and Sousa
et al. (2008). In brief, the procedure is based on the equivalent
widths of the FeI and FeII lines and the iron excitation and ion-
ization equilibrium, which is assumed to be in local thermody-
namic equilibrium. Using the derived spectroscopic parameters
as input, stellar masses M? were derived from the calibration
of Torres et al. (2010) with a correction following Santos et al.
(2013). Errors were computed from 10 000 random values of
the stellar parameters within their error bars and assuming a
Gaussian distribution. Ages were estimated using the method1
described by da Silva et al. (2006) using PARSEC stellar tracks
and isochrones from Bressan et al. (2012). The stellar activity
level was estimated from the emission in the core of the Ca II H
and K bands measured on each SOPHIE spectra with the calibra-
tion described in Boisse et al. (2010). The average values derived
from this analysis are reported in Table 2 with an estimated un-
certainty of 0.05.
3.2. Radial velocity analysis and orbital solutions
ELODIE and SOPHIE radial velocities were fit using the
Bayesian genetic software Yorbit , which is briefly described in
Ségransan et al. (2011). The main advantage of a genetic algo-
rithm compared to other advanced methods such as a Markov
chain Monte Carlo method (hereafter MCMC) with parallel tem-
pering is that it allows probing the full model parameter space
in an extremely efficient way. The first step of the radial veloc-
ity data analysis consists of identifying significant periodic sig-
nals in the data. This is done using the General Lomb-Scargle
1 http://stev.oapd.inaf.it/param
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Table 1. Target characteristics and summary of observations.
Target RA DEC V B-V Spectral v sin i Distance Time Span Nmeas
Name [deg] [deg] Type [km/s] [pc] [years] Elodie/Sophie
HD10844 26.687 25.918 8.13 0.63 F8V 1.9±1 52.3 12.78 25/27
HD14348 34.971 31.337 7.19 0.60 F5V 5.4±1 56.6 16.85 61/38
HD18757 46.040 61.706 6.64 0.63 G4V 1.4±1 24.2 16.75 31/43
HD72946 128.964 6.623 7.25 0.71 G5V 3.9±1 26.2 16.04 45/23
HD209262 330.476 4.770 8.00 0.69 G5V 3.0±1 49.7 12.70 15/21
Table 2. Stellar parameters
Target Te f f log g [Fe/H] vmicro M? Age logR′HK
Name [K] [cgs] [dex] [ km s−1] [M] [Gyr]
HD10844 5845±37 4.43±0.05 -0.06±0.03 1.08±0.05 0.98±0.07 6.7±1.5 -4.85±0.05
HD14348 6237±47 4.51±0.07 0.28±0.03 1.53±0.06 1.20±0.08 2.2±0.3 -4.95±0.05
HD18757 5656±28 4.41±0.04 -0.27±0.02 0.84±0.04 0.88±0.06 11.4±0.1 -4.94±0.05
HD72946 5686±40 4.50±0.06 0.11±0.03 0.83±0.06 0.96±0.07 2.0±1.7 -4.74±0.05
HD209262 5815±28 4.41±0.04 0.10±0.02 1.14±0.03 1.02±0.07 4.7±1.8 -4.97±0.05
periodogram algorithm (Zechmeister & Kürster 2009), which is
applied to the radial velocity measurements. False-alarm proba-
bilities are estimated through a bootstrap approach by permuting
the data. When a significant peak is located at a given period,
the corresponding Keplerian is adjusted. For multiple Kepleri-
ans, the adjusted component is removed, the process is repeated
several times until no significant peak remains, and all param-
eters are readjusted at each step of the analysis. However, the
population at the end of the evolution is not statistically reliable
owing the intrinsic nature of genetic algorithm, which is based
on genome crossover and mutation. To obtain robust confidence
intervals for the Keplerian parameters as well as an estimate of
the additional noise present in the data (called nuisance parame-
ter), we further probed the parameter space with an MCMC al-
gorithm with a Metropolis-Hastings algorithm. This is based on
the formalism described in Collier Cameron et al. (2007) with
several thousand chains drawn from the final genetic algorithm
population. Each chain runs several thousand times to retrieve a
statistically reliable population. For poorly constrained planetary
systems, the Bayesian formalism described in Gregory (2007) is
used. Our MCMC probes the following set of parameters: log
P,
√
e cosω,
√
e sinω, log K, epoch of periastron Tp or epoch
of minimum RV TRVmin, global RV offset (V0 + Ke cosω) us-
ing SOPHIE as reference, and the RV offset between ELODIE
and SOPHIE (∆VES ). The noise model follows a simple normal
law with a standard deviation derived from the observation er-
rors and a nuisance parameter (σ2tot = σ
2 + s2). Jeffrey priors are
used for the period, the radial velocity semi-amplitude, and the
nuisance parameter, while uniform priors are used for the other
parameters.
The RV offset between the two instruments was described
and calibrated by Boisse et al. (2012). It is a function of the
B − V index and the cross-correlation mask used. However,
considering the quite large uncertainty of the RV offset relation
(23 m s−1 RMS), we decided to let this parameter free to vary
for the Keplerian fit. For all the candidates we also tested a
model including a long-term drift in addition to the Keplerian,
but no significant drift was found, or it was strongly correlated
to the ELODIE-SOPHIE offset. No significant additional signals
were found on the RV residuals for the five targets. The orbital
solutions are listed in Table 4, and each candidate is discussed
in Sect. 4.
Table 3. Parameters of the Hipparcos astrometric observations
Target HIP Nmeas Time Span σ
Name [days] [mas]
HD10844 8285 94 1069 3.34
HD14348 10868 82 1096 1.69
HD18757 14286 129 1043 2.59
HD72946 42173 61 759 1.71
HD209262 108761 57 1084 3.23
3.3. Diagnostic for resolving the nature of the companions
The RV analysis provides a minimum mass for the companion
within the range of brown dwarf masses. We used other diag-
nostics to attempt to derive an upper limit on the mass. More
specifically, we used Hipparcos astrometry, high angular resolu-
tion imaging, and bisector span and CCF diagnostics.
3.3.1. Hipparcos astrometry
For the five BD candidates, we used the new Hipparcos reduction
(van Leeuwen 2007) to search for signatures of orbital motion in
the Intermediate Astrometric Data (IAD). The analysis was per-
formed as described in Sahlmann et al. (2011) using the orbital
elements given by the RV analysis and reported in Table 4. The
basic parameters of the Hipparcos observations relevant for the
astrometric analysis are listed in Table 3.
For the five BD candidates we found no detectable signal of
a corresponding astrometric motion in the Hipparcos data. The
main reason is that the orbital periods are very long and the as-
trometry data cover only 3 − 23% of the orbital phase. This in-
hibits a significant detection even though the expected minimum
signals are quite strong (4-24 mas) compared to the measurement
precision. Furthermore, it cannot be excluded that most of the
strong general signal is absorbed into a slightly incorrect proper
motion.
3.3.2. Bisector span analysis
Following the approach described by Díaz et al. (2012), we
examined the bisector span of the SOPHIE CCF of our BD
candidates to check whether significant variation and a corre-
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lation with RV measurements can reveal a relatively luminous
companion polluting the peak of the primary star. The detection
of a correlation indicates that the velocity signal is the result
- at least in part - of a deformation of the stellar CCF. For
the five targets the bisector span varies only negligibly and
does not exhibit any significant correlation with radial velocity
measurements; this excludes massive M dwarfs. The correlation
slopes were systematically smaller than 8 m s−1 per km s−1
within the uncertainties. However, such a non-detection does not
definitively exclude low-mass stellar companions. Simulations
indicate that only massive M dwarfs heavier than 0.5 M can be
firmly excluded.
3.3.3. Search for a second component in the CCF
If the companion is relatively bright, we expect that it is blended
within the main spectrum and then pollutes the CCF of the pri-
mary star. To search for a secondary peak in our SOPHIE CCFs,
we proceeded in the follow way: first we built the CCFs using an
M mask to maximize the contribution of a suspected low-mass
star companion. Then we shifted all the CCFs to the systemic ve-
locity V0 and averaged them, after normalization of the minimum
and maximum of the CCF, to build a master CCF. We then sub-
tracted this master CCF from all the individual CCFs shifted to
the systemic velocity. The velocity of the second component Vc
is expected to be at −V1/q with respect to the systemic velocity
V0, with V1 the velocity of the main component and q the mass
ratio Mc/M?. Considering that all individual CCFs are shifted
to the systemic velocity, this second component is expected to
be at (V0 − V1) × (1 + 1/q). To increase the detection capabil-
ity, we combined all the CCF residuals after shifting them to this
last quantity with q varying from 0.1 to 0.6. For each value of q
we computed the dispersion of the average of CCF residuals and
searched for a significant peak centered at the systemic velocity.
We tested our approach on HD16702, which was first identi-
fied by Díaz et al. (2012) to have a companion with a minimum
mass of 48.7 MJup. These authors showed that Hipparcos astro-
metric analysis and CCF simulations lead to a companion mass
of 0.55 ± 0.14 M and 0.40 ± 0.05 M , respectively. In the aver-
age CCF residuals, shown in Fig. 1, we find a deepest secondary
peak of 1.3 ± 0.1 % when a shift of (3.5 ± 0.4) × (V0 − V1) is
imposed, hence for a mass ratio q = 0.4 ± 0.06. The uncertainty
on the shift applied to have the deepest second peak was esti-
mated considering the noise level within the continuum (0.1%)
and determining the shift limit, which produced a peak depth of
1.2%.
Given a primary mass of 0.98 M, the companion is then an
M2-type star of 0.39 ± 0.06 M in agreement with Díaz et al.
(2012). This value also agrees with the identification of a second
component in the spectra by Kolbl et al. (2015) with an estimated
Te f f of 3500 ± 250 K and contributing to 1.06% of the total flux.
More recently, Santerne et al. (2015) performed blend models
with PASTIS (Díaz et al. 2014) and derived a companion mass
of 0.35 ± 0.03 M.
We estimated that for HD16702 the detection limit is close
to 0.3%. However, this approach requires several observations
well spread across the orbit, and the systemic velocity should
be known to correctly stack and average the CCFs. Furthermore,
the effectiveness of the approach strongly depends on the orbital
parameters, the number of measurements, and the phase cover-
age.
We applied this search for a second component on our can-
didates, but without any significant detection. To estimate the
Fig. 1. Averaged CCF residuals of HD16702 for different radial velocity
shifts. The deepest peak (red curve) occurs for a shift corresponding to
a mass ratio of 0.4.
effectiveness of the approach and derive an upper limit, we in-
jected an artificial second component into the CCFs that corre-
sponds to a companion with a velocity at Vc + (Vc − V1)/q, a
CCF contrast from 0.2 to 2% of the primary, and the same CCF
FWHM as the primary. We note that a larger CCF FWHM of
the secondary, although not expected for low-mass stars of sev-
eral billion years, reduces the detection sensitivity. The detection
limit obtained a range from 0.5% up to 2% for the worst cases
like HD10844 and HD209262, for which the SOPHIE velocities
only cover one side with respect to the systemic velocity. In this
case the second component is not well averaged and not enough
diluted when computing the master CCF. It was therefore par-
tially removed in all the individual CCFs when we subtracted
the master CCF. Assuming that the CCF contrast ratio could be
used as a rough estimate of the flux ratio between primary and
secondary, we derive an upper mass limit using the evolutionary
models for the main sequence of low-mass stars by Baraffe et al.
(2015) taking into account the mass and age of the primary. The
derived upper limits are in the range of 0.18-0.4 M and are re-
ported in Table 4. The lowest upper limit of 0.18 M is found for
HD18757.
3.3.4. High-resolution imaging with PUEO
HD14348 and HD18757 were observed as filler targets during
a program dedicated to mass measurements for M dwarfs at the
3.6 m Canada-France-Hawaii Telescope (CFHT) using PUEO,
the CFHT Adaptive Optics Bonnette (Rigaut et al. 1998), and
the KIR infrared camera (Doyon et al. 1998). The observing
procedure is described by Delfosse et al. (1999). High angular
resolution imaging for these two stars was analyzed to derive a
detection limit for the companion. The flux detection limit was
converted into an upper mass limit considering the age of the
primary and using the models NEXTGEN for low-mass stars
(Baraffe et al. 1998) and DUSTY for brown dwarfs (Allard et al.
2001). The RV orbital parameters and the mass of the primary
were used to compute the sky-projected orbital separation of the
companion relative to the host star at the date of PUEO observa-
tions assuming different orbital inclinations.
Figure 2 shows the mass detection limit as function of the
angular separation for HD18757. The green line represents the
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Fig. 2. Mass detection limit as function of angular separation for
HD18757 observed with PUEO. The black and red curves correspond
to NEXTGEN and DUSTY models, respectively. The green line repre-
sents the projected separation varying the orbital inclination and shows
that no companion with a mass higher than 0.13 M was detected.
projected separation varying the orbital inclination. Companions
along the green line and above black line (NEXTGEN) or red
line (DUSTY) are excluded. This gives an upper limit of 0.13
M for HD18757b, which is lower than the upper limit derived
from the CCF analysis.
For HD14348, the upper limit is 0.6 M, which is well
above the upper limit derived from the CCF analysis because
the angular separation is close to 0.1 arcsec, just below the
diffraction limit of the CFHT in K band (0.12 arcsec).
4. Long-period brown dwarf companions
4.1. HD10844
HD10844 is a V = 8.13 mag F8V star with a mass M? of 0.98
M located at 52.3 parsec from the Sun. The Keplerian fit to the
RV measurements, listed in Table 5, indicates a companion of
minimum mass Mc sin i = 83.4 MJup on a 30-year orbit, with an
eccentricity e = 0.57. With such a minimum mass, HD10844b is
fairly likely to be stellar, since the inclination only needs to be
slightly less than edge-on. Although the measurement time-span
covers less than half of the orbital period of HD10844, the Kep-
lerian fit is quite well constrained because the orbit is eccentric
and has a large semi-amplitude. The instrumental offset between
ELODIE and SOPHIE is adjusted to -98 +104−70 m s
−1 in agreement
with the expected one at -66 ± 23 m s−1. Using the expected in-
strumental offset as prior does not significantly change the re-
sult, but it reduces the uncertainties with P = 32.3+1.0−1.2 years and
K = 885+12−11 m s
−1. Systematic errors of 17.8 m s−1 and 1.2 m s−1
were quadratically added to ELODIE and SOPHIE, respectively,
to obtain the reduced χ2 = 1.
4.2. HD14348
HD14348 is a F5V star with V = 7.2 mag located at 56.6 parsec
from the Sun, with a mass of 1.2 M. The RV measurements
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Fig. 3. Radial velocity curve of HD10844 obtained with ELODIE (blue)
and SOPHIE (red).
listed in Table 6 show a peak-to-peak variation of 1150 m s−1
that reveal the presence of an Mc sin i = 48.9 Mjup companion
on a 13-year orbit, with an eccentricity of 0.45. The instrumental
offset between ELODIE and SOPHIE is adjusted to -57 ± 3.7
m s−1 , which agrees with the expected offset at -53 ± 23 m s−1.
Systematic errors of 14.8 m s−1 and 5.3 m s−1 were quadratically
added to ELODIE and SOPHIE, respectively.
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Fig. 4. Radial velocity curve of HD14348.
4.3. HD18757
HD18757 is a bright V = 6.64 mag G4V star with low metallic-
ity located at only 24.2 parsec from the Sun. HD18757 is part of
a multiple system with an M-dwarf component of V = 12.5 lo-
cated at 12.7 arcsec (307 AU) (Dommanget & Nys 2002) and a
physically associated common proper motion companion with a
separation of 262 arcsec (6340 AU) and a spectral type of M2V
(Raghavan et al. 2010). The RV measurements listed in Table 7
are fitted by a 109-year Keplerian orbit with a semi-amplitude K
= 666 m s−1 and a high eccentricity e = 0.94. The spectral analy-
sis together with the comparison with evolutionary models yields
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Table 4. Median and 1-σ limit of posterior parameters derived from our MCMC analysis.
Parameters HD10844 HD14348 HD18757 HD72946 HD209262
P [years] 31.6+2.7−2.1 12.987
+0.017
−0.013 109
+18
−16 15.93
+0.15
−0.13 14.88
+0.37
−0.26
K [ m s−1] 873+54−35 575.0
+2.2
−2.6 665.8
+5.9
−5.3 776±9.0 385+13−11
e 0.568+0.022−0.020 0.455±0.004 0.943±0.007 0.495±0.006 0.347+0.010−0.008
ω [deg] -94.9±1.4 65.12+0.55−0.64 44.0+0.5−0.4 71.0±1.6 -104.1+3.1−3.5
Tp -2450000 3876.7±16 5265.6±4.5 5220.0±0.8 5958±10 6766±6
V0 [ km s−1] -42.708+0.035−0.054 -4.231
+2.2
−2.6 -2.201
+0.006
−0.005 29.527±0.008 -43.329+0.013−0.012
∆VES [ km s−1] -98+104−70 -57±3.7 -120+9.5−8.0 -113±14 -165±24
Jitter s (E/S) [ m s−1] 17.8/1.2 14.8/5.3 1.4/2.7 21.8/15.5 14.3/3.3
a [AU] 10.18+0.62−0.49 5.95±0.10 22.2+2.5−2.3 6.37±0.11 6.16+0.15−0.13
a [mas] 195+12−9 105.1±1.7 917+103−95 243.1±4.2 123.9+3.0−2.6
Mc sin i[MJup] 83.4+6.4−5.0 48.9±1.6 35.2±1.2 60.4±2.2 32.3+1.6−1.5
Mc,upper-lim [M] 0.4 0.35 0.13 0.2 0.4
a stellar mass of M? = 0.88 M and a companion minimum mass
of 35.2 MJup. Although a small fraction (17%) of the orbital pe-
riod is covered, the Keplerian fit is sufficiently well constrained
because the orbit is highly eccentric and the RV extrema are cov-
ered. The instrumental offset between ELODIE and SOPHIE is
adjusted to -120 +9.5−8.0 m s
−1 , which is marginally higher than
the expected offset at −66 ± 23 m s−1. Systematic errors of 1.4
m s−1 and 2.7 m s−1 were quadratically added to ELODIE and
SOPHIE, respectively. The large distance of the companion and
the vicinity of the target allows placing a quite strong constraint
on the mass upper limit derived from PUEO observations with
Mc ≤ 0.13 M.
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Fig. 5. Radial velocity curve of HD18757.
4.4. HD72946
HD72946 is a V = 7.25 mag G5 star with a mass of 0.96
M located at 26.2 parsec from the Sun. HD72946 (GJ310.1B)
has a physically associated common proper motion compan-
ion HD72945 (GJ310.1A) located at 10 arcsec (230 AU). This
companion is a spectroscopic binary with a period of 14.3 days
including an F8V primary of mv=5.99 (Duquennoy & Mayor
1991). We checked that this bright component located at 10
arcsec cannot introduce contaminating light within the 3-arcsec
fiber acceptance of SOPHIE. Even with a seeing as high as 6
arcsec, the contamination remains lower than 0.3% and there-
fore is negligible. HD72946 is also part of a multiple stellar sys-
tem with a V = 10.7 star at 93 arcsec and a V = 12 star at 117
arcsec (Dommanget & Nys 2002). The Keplerian fit to the RV
measurements listed in Table 8 indicates a companion of mini-
mum mass Mc sin i = 60.4 MJup in a 16-year orbit, with an ec-
centricity e = 0.495. The instrumental offset between ELODIE
and SOPHIE is adjusted to -113 ± 14 m s−1 , which fully agrees
with the expected offset of -100 ± 23 m s−1. Systematic errors of
22 m s−1 and 15 m s−1 were quadratically added to ELODIE and
SOPHIE, respectively, which may be due to the fact that the star
is slightly active (logR′HK = -4.74). Although a non-significant
drift was found from fixing the instrument offset, we note that
the F8V companion at 230 AU may introduce a radial velocity
change on HD72946 of up to few m s−1 per year.
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Fig. 6. Radial velocity curve of HD72946.
4.5. HD209262
HD209262 is a V = 8.0 G-type star located at 49.7 parsec from
the Sun. HD209262 is part of a double system (Dommanget &
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Nys 2002) with a component BD+044788B (V = 9.8) at 78.3
arcsec and possibly a third component (V = 12.4) at 22.4 arc-
sec. The RV measurements listed in Table 9 are fitted by a 15-
year Keplerian orbit with a semi-amplitude of 385 m s−1 and an
eccentricity e = 0.35. The spectral analysis combined with the
comparison with evolutionary models yields a stellar mass of M?
= 1.02 M and a companion minimum mass of 32.3 MJup. The
instrumental offset between ELODIE and SOPHIE is adjusted to
-165 ± 24 m s−1 , which is marginally higher than the expected
offset at -91 ± 23 m s−1. Systematic errors of 14.3 m s−1 and
3.3 m s−1 were quadratically added to ELODIE and SOPHIE,
respectively.
−400
−200
 0
 200
 400
 2000  2500  3000  3500  4000  4500  5000  5500  6000  6500  7000
−50
 0
 50
 . .
R
V
 [m
/s]
BJD − 2450000.0 [days]
O
−C
 [m
/s]
 . .
HD209262A
Fig. 7. Radial velocity curve of HD209262.
5. Discussion and conclusion
We have reported the detection of five new potential brown
dwarf companions with minimum masses of between 32 and
83 MJup orbiting solar-type stars with periods longer than ten
years. These detection were made thanks to ELODIE and SO-
PHIE radial velocity measurements that cover a time span of
up to 16 years. Our different diagnostics allowed excluding
companions heavier than 0.4 M and for HD18757 heavier
than 0.13 M. These candidates double the number of known
BD companions with orbital periods longer than ten years,
which include HD4747, HD74014, HD211847, and HD167665
(Sahlmann et al. 2011) that were detected in the CORALIE RV
survey, and HIP5158 (Lo Curto et al. 2010; Feroz et al. 2011)
from the HARPS RV survey. This last one, HIP5158b, should
probably be considered a planetary candidate given its minimum
mass of 15 ± 10 MJup. This increasing number of long-period BD
companions reinforces the observation that the number of BDs
increases with orbital period, as pointed out by Ma & Ge (2014).
All our BD candidates have an eccentricity higher than 0.45 ex-
cept for the lightest one, HD209262b, with e = 0.35. Three of
our five targets are part of a multiple stellar system. All our tar-
gets, with a projected separation larger than 100 mas, and es-
pecially HD18757 with 917 mas, will be good targets for high-
contrast and high angular resolution imaging, interferometry, or
speckle observations. Such targets are important to constrain the
mass – luminosity relation of brown dwarfs for different ages and
metallicity. Micro-arcsecond astrometry with the Gaia satellite
(Mignard 2011) will permit deriving constraints on the orbital
inclination and the true mass of these companions.
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Table 5. Radial velocities of HD10844
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
ELODIE
2193.5946 -43.5490 0.0100 -
2194.5399 -43.5510 0.0090 -
2199.5132 -43.5240 0.0110 -
2215.4148 -43.5360 0.0120 -
2216.4245 -43.5450 0.0100 -
2253.4252 -43.5660 0.0150 -
2253.4463 -43.5750 0.0200 -
2488.6193 -43.5870 0.0150 -
2509.6445 -43.6090 0.0110 -
2537.6158 -43.6380 0.0130 -
2560.4763 -43.6340 0.0170 -
2560.4895 -43.6180 0.0190 -
2616.4728 -43.6540 0.0100 -
2616.4856 -43.6570 0.0100 -
2888.6468 -43.6880 0.0120 -
2997.3236 -43.6970 0.0310 -
3226.6045 -43.6490 0.0170 -
3359.3799 -43.6410 0.0150 -
3610.6239 -43.3370 0.0230 -
3613.6502 -43.3750 0.0120 -
3690.4311 -43.3090 0.0140 -
3726.2632 -43.2290 0.0150 -
3754.3081 -43.1570 0.0550 -
3758.2915 -43.1170 0.0290 -
3960.6272 -42.7270 0.0320 -
SOPHIE
4704.6436 -41.8846 0.0064 -0.0182
4722.5421 -41.8921 0.0065 -0.0065
4878.2689 -41.8878 0.0063 -0.0103
5057.5982 -41.8727 0.0066 -0.0250
5439.6580 -41.9270 0.0065 -0.0228
5476.5150 -41.9522 0.0061 -0.0105
5499.3238 -41.9553 0.0063 -0.0152
5525.4397 -41.9563 0.0064 -0.0050
5795.6368 -42.0089 0.0015 -0.0137
5798.6131 -42.0032 0.0018 -0.0117
5817.4916 -42.0126 0.0017 -0.0150
5836.4271 -42.0147 0.0018 -0.0147
5903.2592 -42.0277 0.0020 -0.0088
5978.3057 -42.0421 0.0018 -0.0130
6176.5696 -42.0827 0.0016 -0.0178
6202.5796 -42.0836 0.0016 -0.0120
6239.4788 -42.0938 0.0017 -0.0132
6266.2769 -42.0995 0.0022 -0.0145
6517.6399 -42.1444 0.0018 -0.0135
6520.6155 -42.1473 0.0018 -0.0133
6521.6385 -42.1475 0.0018 -0.0117
6533.5961 -42.1534 0.0020 -0.0173
6554.5681 -42.1587 0.0024 -0.0187
6555.5704 -42.1562 0.0017 -0.0138
6587.4011 -42.1606 0.0019 -0.0193
6654.3186 -42.1743 0.0021 -0.0138
6861.6110 -42.2139 0.0023 -0.0128
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Table 6. Radial velocities of HD14348
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
ELODIE
50734.5038 -4.3840 0.0150 -
50823.4128 -4.5170 0.0080 -
50825.3663 -4.5250 0.0090 -
50826.4153 -4.4710 0.0140 -
50857.2826 -4.5740 0.0080 -
50858.2950 -4.5620 0.0080 -
50859.2953 -4.5610 0.0090 -
50860.2912 -4.5590 0.0070 -
50861.3098 -4.5640 0.0100 -
50863.2966 -4.5770 0.0080 -
51056.6372 -4.6750 0.0080 -
51123.6089 -4.7190 0.0090 -
51152.3989 -4.7010 0.0130 -
51173.3453 -4.7130 0.0080 -
51420.6399 -4.7360 0.0110 -
51442.6286 -4.7270 0.0080 -
51506.4760 -4.7340 0.0080 -
51543.3230 -4.7110 0.0120 -
51555.3205 -4.7090 0.0110 -
51587.2820 -4.7250 0.0140 -
51589.2960 -4.7250 0.0100 -
51590.2757 -4.7250 0.0110 -
51759.6206 -4.6810 0.0120 -
51804.6178 -4.6550 0.0100 -
51835.5704 -4.6730 0.0080 -
51856.5246 -4.6940 0.0110 -
51857.5569 -4.6880 0.0120 -
51858.4078 -4.6760 0.0110 -
51882.4306 -4.6870 0.0090 -
51883.4170 -4.6730 0.0100 -
51900.3237 -4.6770 0.0110 -
51908.3544 -4.6520 0.0120 -
51950.2663 -4.6680 0.0120 -
51953.3094 -4.6840 0.0150 -
52158.6712 -4.6130 0.0090 -
52193.6244 -4.6020 0.0100 -
52197.5729 -4.5770 0.0090 -
52214.5084 -4.5580 0.0110 -
52220.4888 -4.6000 0.0140 -
52280.3416 -4.5800 0.0090 -
52510.6264 -4.5270 0.0110 -
52533.6126 -4.5140 0.0090 -
52560.5083 -4.5030 0.0150 -
52560.5214 -4.4510 0.0130 -
52637.3375 -4.4910 0.0100 -
52679.2899 -4.5070 0.0090 -
52681.3245 -4.4780 0.0120 -
52852.6229 -4.4200 0.0100 -
52922.5259 -4.3840 0.0090 -
52926.5355 -4.4040 0.0110 -
52954.5217 -4.4040 0.0110 -
52961.4165 -4.4150 0.0090 -
52990.3551 -4.3860 0.0120 -
52995.3754 -4.3760 0.0110 -
53226.6196 -4.3330 0.0130 -
53308.4870 -4.2830 0.0100 -
53361.4090 -4.2110 0.0150 -
53623.6143 -4.1670 0.0100 -
53690.4781 -4.1730 0.0130 -
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Table 6. continued.
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
53726.3125 -4.1330 0.0110 -
53754.3416 -4.1220 0.0220 -
SOPHIE
54707.6566 -3.6155 0.0061 0.0232
54876.2743 -3.5568 0.0063 0.0142
55072.6061 -3.6018 0.0068 0.0117
55080.6299 -3.5919 0.0062 0.0142
55437.6260 -4.2373 0.0064 0.0180
55441.6044 -4.2597 0.0062 0.0180
55476.5474 -4.3199 0.0061 0.0175
55499.3410 -4.3655 0.0066 0.0277
55524.4661 -4.3898 0.0063 0.0175
55793.6268 -4.6443 0.0017 0.0212
55815.5634 -4.6511 0.0015 0.0203
55816.6297 -4.6569 0.0019 0.0137
55818.5053 -4.6555 0.0015 0.0123
55836.4801 -4.6603 0.0015 0.0192
55865.5665 -4.6676 0.0020 0.0145
55866.4560 -4.6678 0.0017 0.0257
55872.4819 -4.6594 0.0024 0.0200
55875.5262 -4.6682 0.0019 0.0035
55877.4609 -4.6667 0.0019 0.0178
55878.4741 -4.6718 0.0019 0.0177
55879.4537 -4.6703 0.0018 0.0172
55881.4784 -4.6795 0.0019 0.0180
55882.4706 -4.6835 0.0017 0.0115
55883.4788 -4.6822 0.0018 0.0180
55906.3028 -4.6893 0.0018 0.0165
55917.4365 -4.6934 0.0025 0.0212
55919.3907 -4.6858 0.0020 0.0315
55930.2903 -4.6922 0.0018 0.0208
55938.3275 -4.6773 0.0017 0.0227
55957.2527 -4.6901 0.0029 0.0257
55964.2788 -4.6891 0.0021 0.0283
55978.3194 -4.6944 0.0017 0.0220
56170.5917 -4.6931 0.0029 0.0170
56176.5812 -4.6903 0.0015 0.0163
56498.6138 -4.6497 0.0019 0.0192
56520.6342 -4.6393 0.0016 0.0195
56534.5942 -4.6354 0.0015 0.0278
56887.5803 -4.5636 0.0014 0.0237
Article number, page 11 of 17
A&A proofs: manuscript no. 26347
Table 7. Radial velocities of HD18757
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
ELODIE
50767.4725 -2.1700 0.0080 -
50769.5273 -2.1710 0.0080 -
50822.3861 -2.1800 0.0080 -
50823.4239 -2.1830 0.0070 -
50824.3832 -2.1850 0.0080 -
51505.5103 -2.1440 0.0080 -
51506.4973 -2.1430 0.0080 -
51834.5794 -2.1290 0.0100 -
51950.3226 -2.1230 0.0110 -
52194.5828 -2.1100 0.0070 -
52214.5388 -2.1100 0.0100 -
52279.4027 -2.1120 0.0090 -
52281.3512 -2.1080 0.0090 -
52308.3416 -2.1140 0.0080 -
52355.2857 -2.1060 0.0080 -
52360.3018 -2.1090 0.0090 -
52531.6535 -2.0760 0.0080 -
52534.6050 -2.0530 0.0100 -
52561.6542 -2.0940 0.0090 -
52597.4496 -2.1070 0.0090 -
52637.3512 -2.0920 0.0090 -
52638.3956 -2.0820 0.0100 -
52649.3504 -2.1040 0.0080 -
52678.3316 -2.0950 0.0070 -
52682.3392 -2.0970 0.0080 -
52856.6065 -2.0620 0.0090 -
52885.6576 -2.0760 0.0090 -
52919.5345 -2.0610 0.0080 -
52996.3605 -2.0610 0.0130 -
53361.3514 -2.0180 0.0110 -
53363.4057 -2.0390 0.0140 -
SOPHIE
54722.6450 -1.6432 0.0061 -0.0205
54872.3146 -1.5542 0.0062 -0.0190
55066.6401 -1.2641 0.0062 -0.0227
55071.6531 -1.2469 0.0062 -0.0223
55074.6245 -1.2523 0.0061 -0.0222
55085.6225 -1.2229 0.0061 -0.0210
55085.6316 -1.2279 0.0061 -0.0175
55085.6394 -1.2265 0.0061 -0.0195
55085.6467 -1.2260 0.0061 -0.0225
55085.6539 -1.2284 0.0061 -0.0248
55085.6617 -1.2273 0.0061 -0.0215
55085.6690 -1.2211 0.0061 -0.0192
55270.2770 -1.7035 0.0061 -0.0202
55283.3034 -1.8002 0.0061 -0.0210
55289.2925 -1.8485 0.0061 -0.0212
55405.6056 -2.2526 0.0061 -0.0178
55438.5861 -2.2854 0.0061 -0.0170
55439.5806 -2.3002 0.0061 -0.0177
55441.6413 -2.2998 0.0062 -0.0212
55441.6469 -2.2973 0.0062 -0.0183
55476.6276 -2.3231 0.0061 -0.0213
55513.4199 -2.3538 0.0061 -0.0232
55519.5212 -2.3578 0.0061 -0.0198
55588.3009 -2.3952 0.0061 -0.0202
55813.6358 -2.4101 0.0012 -0.0218
55836.5278 -2.4117 0.0011 -0.0207
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Table 7. continued.
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
55906.3411 -2.4195 0.0014 -0.0290
55917.4699 -2.4146 0.0017 -0.0262
55957.3354 -2.4171 0.0017 -0.0175
55964.3435 -2.4165 0.0015 -0.0218
55968.2763 -2.4177 0.0019 -0.0232
55978.2971 -2.4148 0.0013 -0.0215
56188.5902 -2.4125 0.0012 -0.0232
56193.6382 -2.4121 0.0013 -0.0225
56230.5639 -2.4112 0.0013 -0.0215
56252.5244 -2.4132 0.0012 -0.0242
56318.3870 -2.4104 0.0015 -0.0268
56499.6173 -2.4111 0.0015 -0.0210
56523.6283 -2.4067 0.0013 -0.0197
56534.6057 -2.4079 0.0012 -0.0250
56558.5126 -2.4066 0.0013 -0.0235
56586.6204 -2.4039 0.0014 -0.0202
56885.5818 -2.4009 0.0015 -0.0268
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Table 8. Radial velocities of HD72946
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
ELODIE
50797.6592 28.8010 0.0090 -
50858.4937 28.7830 0.0080 -
50860.4688 28.7820 0.0070 -
50861.4710 28.7910 0.0080 -
50889.4530 28.7610 0.0090 -
51154.6532 28.7790 0.0100 -
51238.4794 28.8210 0.0090 -
51269.3387 28.8230 0.0080 -
51506.6238 28.8660 0.0090 -
51508.5795 28.8600 0.0090 -
51541.5551 28.8690 0.0090 -
51555.5717 28.8720 0.0080 -
51621.3412 28.8790 0.0090 -
51623.3434 28.8690 0.0090 -
51653.3511 28.8590 0.0090 -
51654.3364 28.8840 0.0080 -
51659.3353 28.9050 0.0090 -
51853.6795 28.9500 0.0090 -
51856.6575 28.9380 0.0090 -
51900.5962 28.9670 0.0080 -
51906.6132 29.0010 0.0100 -
51952.4446 28.9800 0.0080 -
51956.4750 28.9950 0.0080 -
51978.3723 29.0060 0.0100 -
51980.4137 28.9700 0.0120 -
52250.6469 29.0770 0.0090 -
52250.6584 29.1000 0.0120 -
52278.5817 29.1000 0.0080 -
52281.5065 29.1020 0.0100 -
52308.5537 29.1030 0.0090 -
52358.3662 29.1060 0.0100 -
52359.3811 29.0790 0.0130 -
52385.3412 29.1130 0.0100 -
52597.6778 29.1490 0.0090 -
52677.4908 29.1770 0.0100 -
52681.5314 29.1450 0.0080 -
52719.3760 29.1810 0.0090 -
52961.6485 29.2650 0.0080 -
52993.6046 29.3040 0.0100 -
52997.5657 29.2540 0.0110 -
53312.6837 29.3860 0.0110 -
53359.6308 29.4110 0.0110 -
53361.6161 29.4590 0.0130 -
53361.6286 29.5070 0.0130 -
53839.3236 29.6250 0.0170 -
SOPHIE
54538.3770 29.9066 0.0062 -0.0058
54954.3455 30.1713 0.0062 -0.0167
55271.4482 30.3282 0.0061 -0.0198
55585.4876 30.4308 0.0061 -0.0123
55881.6709 30.1049 0.0020 0.0087
55918.6887 30.0147 0.0021 -0.0123
55936.6008 29.9638 0.0017 -0.0115
55960.5143 29.8970 0.0020 -0.0023
55978.5115 29.8477 0.0021 -0.0128
55996.4528 29.8062 0.0015 -0.0148
56015.3346 29.7325 0.0016 -0.0073
56042.3515 29.6689 0.0015 -0.0203
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Table 8. continued.
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
56044.3510 29.6575 0.0016 -0.0058
56251.6506 29.1764 0.0013 -0.0123
56283.6289 29.1609 0.0019 -0.0048
56290.5846 29.1398 0.0015 -0.0085
56345.4729 29.0544 0.0017 -0.0032
56587.6983 28.8930 0.0023 0.0022
56630.6525 28.9122 0.0013 -0.0152
56655.6067 28.8940 0.0016 0.0123
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Table 9. Radial velocities of HD209262
BJD RV σRV bisector span
-2 450 000 [ km s−1] [ km s−1] [ km s−1]
ELODIE
52199.3623 -43.1070 0.0090 -
52250.2869 -43.1340 0.0240 -
52251.2263 -43.1300 0.0090 -
52251.2380 -43.1350 0.0110 -
52252.2565 -43.1140 0.0130 -
52280.2394 -43.1190 0.0120 -
52459.5922 -43.0990 0.0120 -
52484.5762 -43.1380 0.0130 -
52537.4647 -43.1720 0.0120 -
52616.2435 -43.1650 0.0120 -
52838.5756 -43.1640 0.0110 -
52853.5755 -43.2010 0.0090 -
52926.4085 -43.2050 0.0100 -
53224.5707 -43.2410 0.0120 -
53555.6024 -43.3080 0.0100 -
SOPHIE
54682.5576 -43.4135 0.0062 -0.0242
54717.4614 -43.4259 0.0065 -0.0298
54718.4912 -43.4283 0.0063 -0.0357
55064.4498 -43.5109 0.0062 -0.0205
55073.5169 -43.5178 0.0064 -0.0195
55423.5417 -43.6043 0.0063 -0.0217
55793.5068 -43.7034 0.0016 -0.0160
55819.3782 -43.7068 0.0013 -0.0218
56112.5968 -43.7461 0.0015 -0.0262
56117.5850 -43.7428 0.0016 -0.0223
56221.2753 -43.7405 0.0015 -0.0210
56486.5924 -43.6765 0.0019 -0.0187
56517.4967 -43.6549 0.0017 -0.0240
56519.5470 -43.6505 0.0019 -0.0187
56520.5602 -43.6460 0.0016 -0.0195
56521.5195 -43.6502 0.0018 -0.0233
56532.3651 -43.6476 0.0022 -0.0262
56555.4319 -43.6332 0.0021 -0.0247
56587.3708 -43.6112 0.0017 -0.0203
56820.5924 -43.4027 0.0020 -0.0195
56839.5684 -43.3864 0.0022 -0.0285
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Appendix A: HD29461
HD29461 is a V = 7.96 mag G5-type star located at 46.5 parsec
from our Sun. It was first identified as a spectroscopic binary in
the Hyades field by Griffin et al. (1988) with a period of about
ten years. Mason et al. (1993) and Patience et al. (1998) failed
to resolve the system by speckle interferometry, indicating that
the companion is very faint with a mass upper limit of 0.22 M.
Patel et al. (2007) gave a preliminary orbit for HD29461 from
Keck observations that did not cover a complete cycle. The pe-
riod they selected was 18 years. More recently, Griffin (2012)
published the orbital elements derived from 78 radial velocity
measurements spanning 38 years, from 1972 to 2009. The Kep-
lerian fit yields a period P = 3760±8 days, a semi-amplitude K
= 1.36±0.04 km s−1 , and an eccentricity e = 0.594±0.019.
For this target we obtained 20 ELODIE and 20 SOPHIE
measurements in a time span of 13 years. Our measurements,
displayed in Fig. A.1, confirm and agree with the orbital param-
eters derived by Griffin (2012), except for our semi-amplitude
(K = 1.483 ± 0.015 km s−1), which is 3 σ higher. The instru-
mental offset between ELODIE and SOPHIE is fitted to -167 ±
16 m s−1 , which is marginally higher than the expected offset
at -78 ± 23 m s−1. This slightly higher offset can explain the
larger semi-amplitude found. Systematic errors of 15 m s−1 and
8 m s−1 were quadratically added to ELODIE and SOPHIE, re-
spectively. The star is slightly active with logR′HK=-4.73, which
may explain the RV jitter observed in SOPHIE measurements.
We derive a period P = 3776±12 days and an eccentric e =
0.613±0.004. The spectral analysis and the comparison with
evolutionary models yields a stellar mass of M? = 1.06±0.07
M and a companion minimum mass of 93.4 MJup , which firmly
excludes a brown-dwarf companion.
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Fig. A.1. Radial velocity curve of HD29461
Appendix B: HD175225
HD175225 is a V = 5.5 mag G9 subgiant located at 26.1 par-
sec from our Sun. Turner et al. (2001) made a direct detection
of a companion at 1.1 arcsec (28.7 AU) using the adaptive op-
tics system at Mount Wilson Observatory. They estimated from
the V-I color that the companion corresponds to an M2 dwarf.
Considering the separation, the orbital period is expected to be
about 150 years. For this target we obtained 38 CORAVEL, 38
ELODIE, and 16 SOPHIE measurements in a time span of 31.7
years. Radial velocities, displayed in Fig. B.1, show a long-term
trend with curvature. The Keplerian fit is no constraint, but in-
dicates an orbital period longer than 45 years and a companion
heavier than 0.2 M , which is fully compatible with the direct
imaging.
Fig. B.1. Radial velocity curve of HD175225 obtained with CORAVEL
(blue), ELODIE (red), and SOPHIE (orange)
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